Abstract:
Xylan and galactoglucomannan are the principal hemicelluloses in hardwood and 91 softwood. Xylan is a polymer of β-1,4-linked xylopyranosyl residues and is the main Galactoglucomannan (GGM) is the main hemicellulose in softwood (Scheller and 109 Ulvskov, 2010) but is also present in hardwood xylem. GGM has a backbone formed 110 from both β-1,4-linked mannosyl and glucosyl residues with some mannosyl residues 111 substituted by an α-1,6-linked galactosyl branch. The GGM backbone can also be 112 acetylated. The arrangement of mannose and glucose units in softwood GGM is 113 thought to be random, but a recently described regular structure GGM found in 114 Arabidopsis mucilage was proposed to bind to both the hydrophilic and hydrophobic 115 surface of the cellulose microfibril (Yu et al., 2018) . In vitro studies using TEM and 1D 
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In addition to these various approaches, other studies have attempted to use scanning 146 electron microscopy (SEM) to study the structure of plant cell walls. Low temperature 147 SEM (cryo-SEM), in which the sample is rapidly frozen and then maintained cold 148 during imaging, has been used to study the collapse of pine needle tracheid cell walls 149 upon prior dehydration (Cochard et al., 2004) and to visualise the bulging of root hairs 150 in the kojak (cellulose synthase-like) mutant (Favery et al., 2001 
170
It has been suggested that some of the treatments used in preparation of the FE-SEM (Fernandes et al., 2011) . Therefore the observed 218 fibrils, if composed of cellulose, represent a higher order structure that fits the 219 description of a "macrofibril" (Niklas, 2004 , Donaldson, 2007 . Similarly to spruce stem, 220 sections from another gymnosperm, the Ginkgo, were also observed to contain the native, hydrated cell walls of spruce and Ginkgo also contain macrofibrils.
224
Therefore, these structures may contribute to the higher order assembly of native 225 gymnosperm cell walls.
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We extended the analysis to the model hardwood species, poplar. Vessels, a distinct 227 cell type of hardwood xylem, were clearly visible using low magnification (Figure 2a Our study strongly suggests that these structures, at least in the model plant species
342
Arabidopsis thaliana, contain cellulose, xylan and lignin.
343
Previous studies investigated the presence and diameter of macrofibrils in dehydrated 344 softwood samples (Donaldson, 2007) . In line with results presented in our work, In conclusion, our analysis indicates that vessel cell walls contain fibrous structures 446 composed of cellulose, xylan and lignin. These structures are present in both 447 hardwood and softwood and have a diameter larger than a single cellulose microfibril.
448
Therefore, these structures can be described as cell wall macrofibrils. The reduction where only the exposed surface, not the fractured face, is expected to exhibit some 505 water loss during the short time it is exposed to air. Finally, fractured stems were 506 imaged using a Zeiss EVO HD15 Scanning Electron Microscope (step 7 on Figure S1 and Ginkgo biloba collections.
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